Background. Stroke is a potentially life-threatening, time-dependent event that requires urgent management to reduce morbidity and mortality. It has been suggested that earlier recognition by ambulance personnel and transport to stroke centres may significantly reduce treatment delays. For this reason it is vitally important that ambulance personnel are able to accurately diagnose stroke. Methods. A series of vignettes were created that included images, video and audio displaying either signs or symptoms of stroke or those of another condition. Ambulance personnel were asked to review each vignette and state whether the patient described was suffering from a stroke or not. BLS personnel were able to diagnose stroke with a sensitivity of 85.3% and a specificity of 89.9% (positive predictive value (PPV) 86.7%, negative predictive value (NPV) 88.8%), while ILS achieved a sensitivity of 98.2% and specificity of 94.0% (PPV 91.7%, NPV 98.8%). The combined sensitivity and specificity were 91.5% and 92.0%, respectively (PPV 89.2%, NPV 93.8%). In order to aid their diagnosis, only 5% of BLS and 18.34% of ILS utilised validated stroke screening tools. Conclusion. Despite not using validated screening tools, the ambulance personnel sampled in this study were able to identify stroke with high accuracy. Further studies should be considered to identify how these diagnoses were reached in order to identify training needs.
Sub-Saharan Africa is currently experiencing a triple burden of disease, and an increase in lifestyle diseases such as stroke is becoming apparent. [1, 2] Within Africa, the prevalence of stroke has been esti mated to be 81.2 (range 13.2 -94.9)/100 000 person years. [3] Morbidity and mortality following stroke may be devastating, placing severe strain on healthcare infrastructure. Studies have shown that reduced time from insult to definitive treatment can greatly reduce the chances of dependency and death. [4] It is understood that stroke must be identified early and the patient must be taken to the closest appropriate stroke facility for definitive treatment options. [4] Often, prehospital personnel are the first healthcare professionals to come into contact with patients presenting with signs of stroke. [4, 5] From this, their role in the initial identification and diagnosis of stroke and appropriate referral to a stroke centre becomes clear. [4, 6] Early identification may significantly reduce the time to treatment, and finally translate to improved outcome. [7] By allowing for preferential transport to stroke centres, patients may receive timely fibrinolysis or endovascular therapy to reduce cerebral tissue necrosis. [4] [5] [6] Locally, ambulance personnel are trained by means of a series of short courses. Formal stroke assessment is only taught within the intermediate life support (ILS) curriculum, unlike the international standard where emergency call-takers are expected to identify stroke immediately on first call to an emergency call centre. [4, 6] Prehospital personnel have been reported to identify stroke with an accuracy of between 61 and 83%; however, in the presence of signs and symptoms that mimic stroke, a tendency towards overdiagnosis is seen. [7] In order to improve accuracy, two main prehospital stroke screening and diagnostic tools have been developed. By applying the Los Angeles Prehospital Stroke Scale (LAPSS) and the Cincinnati Prehospital Stroke Scale (CPSS), the accuracy may improve to sensitivities and specificities of up to 74 -97% and 72 -94%, respectively. [7] [8] [9] Even though utilising these diagnostic tools is recommended by international guidelines, [4, 6] local data for the use and accuracy of prehospital stroke identification are not available.
In order to address this paucity in evidence available, the primary objective of this preliminary study was to determine the accuracy of basic life support (BLS) and ILS identification of stroke, and the rationale behind making these diagnoses. A secondary objective was to understand upon what these diagnoses were based.
Methods
A prospective, cross-sectional approach was employed by creating a series of seven non-validated vignettes that included images, video and audio displaying either signs or symptoms of stroke or those of other conditions. Each of the vignettes was created by including all elements of the LAPSS and CPSS into each case. This was confirmed independently during review by three emergency care practitioners. Table 1 shows the details of each vignette. Due to resource constraints, a non-probability convenience sample of 40 ambulance personnel was drawn from four different private emergency medical service stations within the Johannesburg region of Gauteng Province, South Africa (SA). The stations are located in the southern, eastern, northern and western parts of the greater Johannesburg area. Ambulance personnel were required to view a PowerPoint (Microsoft, USA) presentation of the vignettes (Table 1) and then mention whether stroke was present or absent and motivate how they reached the diagnosis. Three vignettes were positive for stroke diagnosis according to the LAPSS and CPSS, while four vignettes described patients with hypoglycaemia and dehydration, ptosis, 
Stroke (based on LAPSS/CPSS)
Case 1 A 70-year-old male patient with a history of hypertension is presented. The patient has acute onset of depressed level of consciousness with anisocoria, aphasia and unilateral facial droop. The patient also has hemiplegia.
Anisocoria pictured. Facial droop pictured.
Yes
Case 2 A 40-year-old female patient with dyspnoea is presented. She presents with a productive cough and a physical examination in keeping with a lower respiratory tract infection. Potentially mimicking facial droop, ptosis is seen.
Ptosis is pictured. No
Case 3 A 52-year-old female patient with a history of intense headache suddenly presents with slurred speech and depressed level of consciousness. Hemiparesis and facial droop is appreciable. Positive pronator drift is found.
Facial droop is pictured. Slurred speech is played.
Yes
Case 4 A 60-year-old male patient with depressed level of consciousness and general weakness is presented. The patient has signs of acute gastroenteritis (with nausea, vomiting and diarrhoea) and is a known diabetic. The patient is hypoglycaemic. He has normal facial symmetry and appears acutely malnourished.
The patient is pictured. No
Case 5 A 28-year-old female patient with focal signs is presented. The patient is known to suffer from depression and take selective serotonin-reuptake inhibitors. She presents with tardive dyskinesia. All other findings are normal.
Normal facies pictured. Embedded video of tardive dyskinesia shown.
No
Case 6 An 89-year-old frail patient with a history of atrial fibrillation is presented. The patient has an acute history of facial asymmetry and aphasia. Hemiparesis is also appreciable.
Assymetrical facies is shown. Yes
Case 7 A 32-year-old patient involved in a motor vehicle accident is presented. The patient presents with ataxia, slurred speech and bilateral mydriasis. The patient admits to alcohol use.
Pupils are pictured. An embedded video of ataxia is shown.
No tardive dyskinesia and ataxia secondary to alcohol intoxication. The data collection tool also collected demographic data on each participant. Demographic data were analysed descriptively and reported in this manner ( Table 2 ). The answers provided for each of the vignettes were marked according to the validated stroke scales (LAPSS and CPSS) by the principal investigators, and accuracy was determined by using standard formulae for sensitivity, specificity and negative and positive predictive values (NPVs and PPVs). Both the LAPSS and the CPSS were used as gold standard, i.e. a positive diagnosis for stroke in both scales was considered positive for stroke. The free text data were analysed to identify the diagnostic factors used to reach each diagnosis.
Each volunteer participant was required to provide written informed consent. Ethical approval was obtained from the University of Johannesburg's Human Research Ethics Committee (REC-01-119-2014). All data collection forms were kept anonymous.
Results
A total of 43 questionnaires were distributed; three questionnaires were not completed as the participants were on duty and needed to service an emergency call. Only 40 questionnaires were therefore eligible for data analysis. A total sample of 280 vignettes was therefore analysed. Tables 3 and 4 show the accuracies of stroke identification for BLS and ILS personnel, respectively. BLS were able to accurately diagnose stroke with a sensitivity of 85.3% and a specificity of 89.9% (PPV 86.7%, NPV 88.8%), while ILS achieved a sensitivity of 98.2% and a specificity of 94.0% (PPV 91.7%, NPV 98.8%). The combined sensitivity and specificity were 91.5% and 92.0%, respectively (PPV 89.2%, NPV 93.8%). Table 5 presents the factors on which stroke diagnoses were based. In general, there was a tendency by the sample at both levels of care (BLS and ILS) to rely on specific signs and symptoms, rather than using validated stroke screening tools such as CPSS and LAPSS. Only 5% of BLS and 18.3% of ILS utilised these tools to aid their diagnosis. In one instance, the application of the stroke scale was done incorrectly.
Participants incorrectly attributed presentations of patients with stroke to other causes such as patients being 'intoxicated' or 'drunk' on ethanol or patients having suffered a 'head injury. ' Slurred speech was attributed to intoxication instead of stroke in certain instances; as was change in level of consciousness. Interestingly, a deranged level of consciousness was described as a sign that excludes stroke as a diagnosis. Left-sided hemiparesis was attributed to 'myocardial infarction' rather than stroke. This was more likely in the presence of abnormal heart rates and rhythms within the vignette.
Discussion
The study presented certain scenarios of various patients either having suffered from stroke (as identified by LAPSS and CPSS) or suffering from a condition that may mimic a stroke in presentation. BLS participants performed worse than the ILS participants. This was expected due to the fact that the ILS generally had more experience (mean 9 v. 3 years) and had more extensive medical training. In SA, both of these levels of care are educated by means of short-course certification. BLS personnel undergo a 6-week course that covers elementary aspects of prehospital care -this is the entry level for ambulance personnel. After 1 000 practical patient hours as BLS, personnel are eligible for entry into the ILS course. The ILS course is over 18 weeks and teaches further skills such as intravenous therapy, basic electrocardiography and manual defibrillation.
Similar studies on stroke accuracy in SA could not be found. However, data from international studies may be comparable.
Studies have shown that EMS personnel can identify stroke with an accuracy of between 61 and 83%. [5, 10, 11] A similar study conducted in Australia reported sensitivities of accurate paramedic stroke diagnosis of 93% and specificities of 87%, which is similar to the accuracies identified by the current study. [12] When using a validated tool (such as the LAPSS), the sensitivity and specificity may increase to 91% (95% CI 76 -98%) and 97% (95% CI 93 -99%), respectively. [13] It is important to remember that many areas within SA remain underserviced by advanced life support, with 80% of all emergency care personnel being BLS. [14] As first medical contact, these personnel need to be proficient at identifying stroke and expediting transport to stroke-ready hospitals. [4] BLS may identify stroke accurately with a sensitivity of 85.3% and a specificity of 89.9% (PPV 86.7%, NPV 88.8%), but only use a validated stroke assessment tool 5% of the time. The literature suggests that diagnostic accuracy may increase should validated screening tools be used to aid diagnosis. Using these tools has been shown to consistently improve accuracy of stroke diagnosis. [7] [8] [9] One of the manners in which the utilisation of a stroke diagnostic tool may be improved is by educational interventions. [5, [15] [16] [17] Yet, educating those in rural areas may be a costly exercise as they lack access to continuous professional development opportunities. [18] An online training programme has been suggested to counteract this, and has been shown to be of benefit. [19] By allowing for earlier screening, transport may be expedited (including aeromedical transport), [4] which might lead to shorter treatment times and a reduction in the burden of morbidity and mortality. [4, 17] Interestingly, the respondents (despite having high accuracy rates) incorrectly attributed clinical presentations to diag noses. Positive clinical signs for stroke were often misattributed to non-stroke conditions or simply to age-related pathologies and found to be normal. This might show a critical need for development of the clinical reasoning abilities of local prehospital providers. The majority of the participants did not use any form of validated stroke screening tool to identify or rule out stroke. Shortcomings in the clinical decisionmaking of ambulance personnel have also been identified as one of the biggest threats to patient safety in the prehospital setting. [20] Clinical reasoning and decision-making may be improved by way of simulation-based training. [21] [22] [23] 
Study limitations
This preliminary study was largely observational and provides foundational data for future study. The role of sampling bias cannot be excluded. The sample was drawn from a single private service, and this detracts from the external validity. Internal validity is also compromised as the vignettes, even though they were developed and reviewed by senior emergency care practitioners, remained unvalidated.
Conclusion
It would be interesting to repeat this study using validated vignettes on a national, more heterogeneous sample. A project to determine the current knowledge of ambulance personnel on diagnostic stroke tools should be undertaken. A high accuracy of stroke identification was appreciable in this sample. This accuracy was higher than that of other studies cited, despite local personnel not utilising validated screening tools. It is concerning that clinical reasoning was inaccurate at times, and presentations were attributed to unrelated pathologies or comorbid conditions. More training should be considered to promote the use of these validated tools to aid in the diagnosis and referral of stroke patients.
